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I I N'lRUI)'lit -ON

io01 the liljS;:1iol', Of (CCEMEO-Pl'.I is, tO prov ide Ci'tOmlers with

tilt oiia. mlodel iiug port ormau('o dtita . ITo carry out this mission, we

obt a tuod tithe AMP (Antennai Modelh ig P'rogram) in 1 972 , the NEC (Numer-

j,%a I: ~ t roiiaguet ic Code - Met hod of Momeuts ) Program in 1977, and

th n NEC (NEC With Solluerc fold( inutegralI subrout ine ) Program in Jan-

uary1' il thIiis ea r

A rev iew o I 11u1Ch data over thle years reVvealIS d if f erent, solutions when

hot( two ;i~am re ulsed, aud usflsiiipi if ication-s can be developed

or I 1I ea r el emen ts whecn exci ted near first resonance (e.g. , dipole).

the1 d I I f crciuts are d iscussed and s impIi f ied equa tions are presented

Crallh IC 11 ' o ltions are p resentt-d , and they show that these equations

irc i ihl" I Comnparablec when aceut er-fed anttenna element, L, is between

H./t Olil H.V coo .1'g.This enabi; 1 on ou to yerifv computer

.101. id 'll ('ini 1!1.11% kev soIltions: without having to resort t--)

Iil'1.1P Oin on Ho impter;. such as tilC-010i/6600.

:-ilc 'i tiw india ion lul ipls wore developed from It point data1

'0 1) 0(010470()d rad ians

io 1; iti t hey re 1. 1 toc d i rec t I y t o t hit Llie(-)re t ica 1 work by Drs . King

(1 dl i0 w ii i t t' u,( sed ( a s thei re t e revnc re . B3ei ng developed

I ' p'' ai d.1tai, ti Ill- I ii' ieuIt!; Of the equa1L ions are range weighted,

'a-L, I



and other coi ftIcjent:, can be ucd to shift the accuracy range of these

simple equat on forms.

11 . C(OMPAK I SON'S

A\ liy low f ode' [tor', Ki ng-tMiddetori theorv, AMP program, NEC pro-

77

,ran, nd Dr. .1 . lawSon theoryl results ,;hows varying degrees of agree-

mnto For exampl, the relative velocity factor at first resonance in

ctri4; of clement Length divided by diameter ,L/D, ratio for these 5

.xa mpI t. - '; an be obtai ned from the Jollowing approximate equations in

* . .4 : giIit' Lt ltr.

V 1 - I ii.."f 1oi (.W) - . 7 71- numeric I

I I U. Icc (--) .UInumeric-uie .c r 3

-- I . I , I . -' numer ic

{4'

.

Ths'cr~uat ions art- plotted on V iguirc I. Surprisingly, the NEC results

iddition, r .ics-fed scal ing experience a number of years ago with

~ /'Il) ii j Xit .t it the NEC result- are more accurate than those

tl th other 4 r. . .even though the AMP results bet,,er match those by

1< ug-Midd letton.
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Tt, I irs t ro.esoiiane e raid it Iu (I r c- i - ; tice in t erms of IelIement l ength

d 1v Wded by d lameter ,L/D), r.it it i or theSe 5 examples can be obtained

from the fol 1 owing~l appi o. i!1 t e ej un t iols in the Same order.

o. -71.)lg .214 ohms Io

r e SIo

Wit hI i t on r ;;i~ otn eu ton !0, iosseeeain let divied by iaur

lInLe' r' L/ F) ratito d i nussed in ref erence 1.

I I iI 11 n) other re2tC elence that hel i lves radiat ion resistance is indepen-

det-lt of 1,/lt. t~m~equat ion 10( is not correct. Thie mode theory and

K ind--MiddlIeton theor,, culrvc:; on 1 i guo 2 do not cons ider series feed gap

A.capac i ancc e hciclo ot connec'(tiLnj transmiss5ion lines. The AMP and

NEC: programs use the center seglmentu to series drive the entire antenna

elIement and, t lie ret ore, mus t mnake allIowances f or gap ef fects. These

.1 I *wanc, , III lit) Ihe delne ed from progrinm pr intouts because current

I i.ti ihuft ion- tlllis, imip Inne - is related to allI segmeont sizes. That is,

'1 I tlit, ef teel '; are inoterrel ated , and hest answers are obtained when each

I;.-',,Mont 1 ength i,; necar 0I.0(I free-space wavelengths .Since theoretical
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a .i fl ann -

aj)roximat ions; are LLS.U in the programs, inclusion of lengthy source

equations in this report does not seem to be warranted.

Vield experience indicates that the mode-theory curve on Figure 2

enerally gives too low an input resistance when shunt-excited, and

that the series-led configuration is more sensitive to L/D changes

than the AMP results indicate. Too, I suggest that some of the mea-

surements reported in reference I may have included ground mutual

coupling impedance without realizing it. The selection of resistance

values is highly critical in scaling applications.

Prior to the 1950's, most of the driven antenna elements were series-

fed. It is convenient, VSWR tolerant, and vacuum tubes can handle

relativCly large voltaire transients. When solid-state amplifiers

became popular, it oon became apparent that they could be destroyed

by antenna element voltage buildups when the element was insulated

and series-fed. This brought a renaissance of delta, tee, and gamma

antenna matching networks because they can be used to shunt-excite a

center-grounded element. This, together with center-grounded passive

ftUflector/director array elements, makes it desirable to have valid

impedances for both the ser;e;-fed and shunt-excited antenna element.

-as,-,' ,i on thos- obsLervations, the best data base we have at this time

iV Yi~h'-f-li Ml .t 'n Ior so,1 i, elements and NEC for split series-fed ele-

* cintO. AMP ressults are available, but are not included. They are not

a ; accur.1te, and this pro, ram is not available at this time. Addition-

al mode theory calculations were not made because of their relative in-

;rcura ,'v. They can bte obtained fr m equation 108, page 433, of refer-

I'I
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I l~i', th. :tva i lahle 1./P1 to'ther w:ith 1..' Vh 1'i lYini'.-Middleton

'ta t I point!, t he raidi ation resis;tnn:ce of the csolid element may be

obtl I ned f rom

R 1ohms iI

where,

p .)2 - .0 log3 (')j I(o h) + 0.034 log (L) + 0.368 numeric
10 0 t o D

Equt. ion 11 is not very accurate when (L/D) <-45. When (L/D) > 45,

this equation is within .O) ohms for all 42 data points, within

2 .0 , fcul&; or 39 data points, arid within 1.0 ohm near first resonance.

S Iticg thl .Ova 1 bbl L/D together with 1., "- h 1.8 King-Middleton

data points", the input reactance of the solid element may be obtained

1 }28 225 1og ({ ) - I,.5041 (v0 ) -- 451.793 log (L) + 184.045 ohms

Ee11,t ion 12 L, Hot \'ry accuratv whi-n (L/D) '- 45. When (L/D)> 45, this

equltiL n in, ,,Wtlfin (.0 ohms for alt 42 data points, within 2.0 ohms for

I *ata 1wintas, :d with in 1.) ohm near I irst resonance.

u4, t2,1 i1 ,1:. I tioi I i' ,r, t:;ed to sl i i i, M/44, thlt dCv iat ion from King-

Il ,,tr tin lt t i l,.; I)i.t b.V in M IIl 1 .75 in degrees for all 42

dr "~~~I I 1 ,I it. . .

* 1. " , • .. : . : :_
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IV. SPI.IT SERIES CENTER-FI,' ELEMENT INPUT IMPEDANCE

Us ing LI L/D together with f 2 h .8 data points in the NEC

program, the radiation resistanct Ot the split center-fed element may

be obtained from:

R =10 ohms 13
r

p = ')5.M4-0.1)49 log (')I ( h) +0.043 lo; (-)I0.470 numeric

Equation 1 3 is not very accuratte when (L/9)- 40. When (L/D) > 40, this

equation is within 7.0 ohms for all 77 data points, within 3.0 ohms

lor 65 data points, and within 1.5 ohms near first resonance.

Using 11 L/D together with 1.2 _ , h " 1.8 data points in the NEC pro-

p:ram, the input reactance of the split center-fed element may be obtained

f rom:

L L?.,. ..' l,;,()-77.,34j (l4 )-455.916 log (--)+175.298 ohms 14
r~ 'j1 o D

AI qu.i) i ) }4 i' i ot v-ry ittirate when (L,/D) 40. When (L/D) " 40, this

e quatL)in is within 12.0 ohms for all 77 data points, within 3.0 ohms for

61 data points, and within 2.0 aims near first resonance.

When equation~s 13 and 14 art, used to ohtain M /Q, the deviation from NEC

results Is less than 4.5Z in M and 3.3 in degrees for all 77 data points.

or

ILIF

.. * -- ~w-A



Thli NEC data point a are que.a t onahIc . Aa. pointed out in Sect ion 11,

bes;t answers are obtained when eajch segment length is near 0.05 free-

space wavelengths, and this is the case here, near first resonance.

It was nuit done for the other j3 li values of interest because this
0

wouild have increae the program usage and reduction time manifold.

Iheiretore, equat ions 13 and 14 may be more or less accurate than

indicated. 'This should no0L be alarming because program accuracy

ta. solact inca no better than +1/

V. ELEMENT SCALI NG

As indicated by the abhove equations, R rand X rsoLutions are a func-

Lion of LIP and L(\) and theiy are unique. That is, when LID and
-I0

1, ; are given, only one value of R and X exist for each config-
0) r r

uration, and individual tern scaling is not possible. At the same

ine, ratilos of X r R I-Canl be scaled, and it is the ratio that is so

Important in elect necal seal ing'

11iii. tWhe avalil ahl I,1/I) togethe r withi I .) i .8 King-Middleton
-0-

lati point,. I the, rntio for the a ol id element may be obtained from:

[~ I 2.7413
hoc ) t.-----~---2.5202 numeric 2h 0.9 V)f L ) l -0b4

I. f

'g;



1 lat it'l I . it, hot vc r\ W i UI .I C W) ) W1/h 11( 1he (LID) 4 5,

hi', Otillit jOnl in; wi ti n 2 .,0c t-(-tr icail degrees *for all 42 data

poinlt:;, ind IV ithi I I i . 1 ct r ica I degrees for '38 of the data points.

liuation I ) i. plott ed on F i gres- I - 7KM in termis of L in conven-

ionai I fre-i~ w~ivel en-,. ts for d irect 1- e. hedotted lines are

K i iw-M1id(it I &ton) so I tI ions; iwar the max imnum tisef il range of equation

I . Ihv --how t hai equat ion 15S i s su rpr isingly icctinra te when

* I ii ~5wavclngt hs'.

I~~n I./1 toget her with I .2 V h 1 .8 dlata points in the NEC

1)o1ra t he0 r.It i o fr the sp 11t center- fed clemlent, may be obtained

I~ .. 0 .2 58
F------------------- 1) It - 0.5101 3.2649 numeric

FjI 1a1t I o 111hi I It vekr t :i-.i f .i '~ ii I1) 4 0. When (L/D) > 40,

iii. i. i ~ m jot j i : ' hti . 1. t ch-cti- .11 ge'c5 * for all 77 data

.ini Si nin .. ~ 4141 01'i 4er4, ) 7 1 of t- te( data points.

i.4jti.it i'n1 It, I:, 11 ttd onI I~i: \ .'N inl tcrm!; of 1, in conven-

nil .-~spa.e wvel~',t lo.t l1irct tulse. TIhe dotted line,- are

lti-ln . netI low Imaxillun nl It Linlrag of enia t ion l0. They

wave1 vn)gth!n

FJ
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VI . S(CALING EXAMPLES AND hI] TAT]ONS

In most cases, scal ing involves ,r change in element diameter and a

solution for element length while the X /Pr ratio is held constant.r r

.uch sol utious are not easily obtainable via equations 15 and 16.

However, when these equations arc plotted, as on Figures 3KM - 12N,

graphicaL solutLions can ie o htalned in a straightforward fashion.

lire one except ion is when X /R i,; independent of I./D (coefficientsr r

equal zero) in equationI) 15 ;rod 1P). 'Fir is is a horizontal line with

1, 0.4975 X plus X ,/R = (.411 on Figure 4 KM, and L = 0.49966 NSr r o

plu:; X /R 0.'14) on Figure 9N.- r r

Cal cu at i ot1s invo lvn 1.41" L " 0.42 wavelengths in 0.01 wavelength

increments plotted on Figure., 5 KM and ION show that vertical inter-

polat ion ,!; nt juittc linear, lut that linear interpolation gives

-,ood result, . A,; an example, the dotted line on Figure 5 KM crosses

it, It =1( v r ci caI Ii te 41 2 of the vertical distance between

.. r t.41 And I. 0_ 0.42 o that , 0.4141 via linear interpola-

SI In vs . , (.4 14(f Via e qrI It I 15 calculations vs. L 0.4138\
0 0

1i - 1 . 1 ridic;) via Kin,-Middleton data. As another example, the

.itt !,t - ier i itr, ltx crIossesIO the 1I 4 x 10 -
)4 vertical line

_i (it 1it vt-, ihal distanci . hetween L = (.41A and 1, = 0.42X is
0 0

N .I 17 ..vi,a 1 ine. r interpol.,tion vs. I. = .4136\ via equation

I1 C I , L iTI vs. 1. 4 1.4118- ( h = 1.3 radians) via NEC calcu-

It -itis

-4i

' r ! W- r : m'-- - -" r * I



As a I irat example in the use of Figures 3KM - 12N, take a sol id

eleiment which is f irst resonant it "47.6807 Mliz when its length, 1.

is 2.9'51 3125 meters (116 - 11/32 inches) and its diameter, 1) , is

3.81 x 101 meters (1.5 inches), and one wishes to make a similar

tI e ient f rom ?. 54 x 10
- 

2 meters (1.0 inch) diameter, 1,), tubing.

What ;hould LiiL new length, L, be?

Since Lihi: is a solid element, Figures 3KM - 7KM apply, and since

it is I irs.t ri ;tin;irt (X /R = 0), F i gure 4KM is used. At 47.6807r r"

MHz, I. 0 i.47X,, I) 6.0') x 10-1 , and (. /D ) = 77.5625.
It 0 0 ii O (I

Wh, n these(, value,; (using, the relationshi p yeivn in th Introduction)

are used in equation 15, tire solution (X /R = 0) agrees with pointr r

I on Figure 4KM.

I ii this exampLe, the horizontal scal ing [ine is (Xr/Rr) = 0. At
r r

47.6807 MIHz, the new diameter, D,, is approximately 4.04 x 10-3x~0

rild Lii:; i:i point 2 on I is,l,ure 4KM. Usin); linear vertical interpola-

tlotin rctwtn I. = 0.47 and . = 0.'(' wave lengths on this figure, the

;tlution for 1. i:; approximatelv 0.4733" , or 2.97588 metrs (117 -

' ?/ i .) h it 47.0 8 07  MII:-. 'This can he verifited lv using equation

-. A-. a ;ecnd example in tire jie of F:igures; 3KM - 12N, take split series

tonte~r- I d element wihl is t i r;t resonant at 49.6889 MHz when its

*,'. totlal (brth arms) lengthi, 1,, is; 2.890 meters (114 inches) and its

I iarrtrr, 1) , i 4.1148 x I il etn rs; (010 wire), and one wishes to make

I.A a;imiliar ele-ment from 1.29018 x i0-' meters (#16 wire) diameter, D

F I i ,.. Wiael tirol ,I ti,. re w length, I , '?



S it' thi S is a Sp I it e r i e; center-fed L I ement , Figures 8N - 12N

apply, and since it is fir; t resonant (X /R = 0), Figure 9N is

u;ed. At 49. 688) MHz, 1. 9.48 \ , I) = .82 x 10i4, , ad
1i ii ii (I

( /l ) 701.81 2. When these values (using the relationship
'}II

ii in the I nt rodiict ion) ire used in equat ion 1 6, the soluLionl

/1: 1- 0) aggrt.:; with point 1 on Figure 9N.

in 11 i: a.inpl e tlo th t. horiz,,intal scaling line is (X r/R r 0. At

49.6889 MIz, the new diameter, D is approximately 2.1394 x 10 A

and this is point 2 on Figure 9N. Using linear vertical interpola-

tion between. 1, (.48 and L = 0.49 wavelengths on this figure, the

solution for I. is approximately 0.4837X or 2.91836 meters (114 -
. i0

29/32 inches) at 49.6889 Mttz. This can be verified by using equa-

tion 16 (E * 1(0-l).

Ii'. iip j'wi' i i r;t resonance in t lie;' two 'xamp 1eS is to

.w 11,ow wtell iquiit jion:; 2 .id 4 compare with, respectively, equa-

tio ns l aInd I when (X R) = 0. In the first example,
r r

I I.

.. . . . 2 n u m e r i c
-- 9 0l.1l81

4,

V (I.9' 1 7 (equat ion 2) numeric

S1, (1.'414/ ( ) .47()74 wavelengths
_ . ,.4I14

1 .4 7 - I 157 percent

I"

II

-7,

I , &AAL
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n•2.97 588•.. .numeric

1) 0.0254

V 0.94708 (equatl Ion 2) numericr

A

I, 0.94708 (--) " 0.47354\ wavelengths
02

F I M, ).051 percent

II

.... - . 103.8009 numeric
0) 4.1148 x W0)-

V r 0.9( h 1 (Cequation 4) numericr

I. = I 9 ()I t, ) 0.48007 wavelengths

0). 'aM) 107

V- 0.0)15 percent
48

-- .()-L numer ic
1 I . -2908 x I

V r 0.)0 9h lCequd t inn 4) numeric

,V

I. -. h1I (~') .8 1 h wavelengths

i

o1. !',1 17II ) (1

-, I.. , 0 $ -. spercent

'~'L o " " I i . 2 L, ? .; ' : . ,,+



These results are in excellent agreement near first resonance, and

show why midrange comparison dotted lines are not necessary on

Figures 3KM - 4KM or 8N - 9N.

it is often assumed that a single radiating element should be length-

pruned to fi[rst resonance in order to be the most efficien~t center-

l ed d ipo I , radiator. Theo ry and practice sjhow that the maximum

broiakidet gain ko this; coid iguration occurs when 1. 1. 25A ,and its

di vi ii; point impedance ik complex induct ive. Unfortunately, the

driving point impedance is highly sensitive to length changes 2 when

1, 1 .25A (i h 1.901) radians), and equations 15 - 16 are highly

Inacctirate when 1. ' .WA7 . The driving point impedance of this

configuration Is also relatively large2 , and highly sensitive to

changes In mutual earth coupling impedance as well as changes in

frequency. In this case, a versatile matching tuner is often

required, and maximum expected gain may not be realized due to

ranferI sse~ .Hence, ;i first resonant element is generally

a1!,cd for bai dw idt af rnd ma(iihig) reasons, anid mul ti-element config-

tirit- ion!; ;ire gnrliv used to obtain higiher gains.

When the rad fatitig element isa the driven element (f)of a Yagi-Uda
f

type array, it is Usually cuit to first resonance, the reflector (Z
r

is usually longer, and directors (Vd ) are usually shorter to obtain

a travel ing-wave phenomenon. 3" '" 'Is l As the references show, it

is a rare Case, indeed, where the passive elements lengths exceed

the I imit..a imposed upon equa tions 11 10l or upon Figures AMi 12N.

I-



VII. EIlMENT. CAIN

Ncit,[het- r I m Cd (e1r01- I. tdit nor the King-Middlet on theory data 2

iiclut': t. elt 'nt .n.l in. AMP and NEC calculations include solid angle

,,ain, but the resxi ts are not conclusive. The first resonant AMP

gain is too high ( 2.165 dBi) when ([/1) = , and the first reson-

ant NEC gain (= 2.115 dBi) is independent of L/D when 40 < (L/ID) < i 10

At the same time, both programs are sensitive to element length above

and below first resonance.

Avernging the AMP and NEC ,ain figures over the 40 -L/D'K 104 and

I . .' L [.q tdi ai; lin, the followini- critat ioin was derived:

C I I dl i

where,

I 0 I1 9.1 loaflY lwg (o if I ' -l0 Io,("+0) .1558 numeric

A.: t h 't, I it i' ; indl ih t k, nom- l diameter changes have little

A~ii, ti I ctt tp up l t. l cmlt . it. i)ver this ran'.e, 1 .98 G 2.31 dBi,

wi 1 h t Ili , l ,l t'; ('cl"l; i( ,t .;ma I ,r (?) [,/D rat ios, and excellent

t- lit ii ; t rlibtaI c near N ( t logram t it'st resonance

'
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Equation 17 assumes that any antenna driving point reactance is tuned

out by a lossless line matching network. This assumption is more

realistic when the reactance is; inductive than when the reactance is

capac it ive.

V I I . SU MARY

ituitions I - 1) and Figure:; I - 2 are presonted to show errors in

mody theory, AMP program, and the Dr. Lawson theory. Equations 11 - 14

are presented so that scaled or unscaled element driving point imped-

ance values can be obtained for transmission line matching network

design. Equations 15 - 16 and Figures 3KM - i2N are presented to

facilitate element scaling. Equat'on 17 is presented to give an

estimated clement gain vs. normalized dimensions.

The behavior of gain equation 17 is not what one would expect from

t horv. When !;ol [d ci emcint.; art used, smaller I./D ratios usually

g'ive a lower 0 ( increased bandwidth) . When split series-fed elements

ire us ed, the driving point impedance depends upon whose theory one is

Sl ; iiug, and Q is a function of impedance variations. Since equation

17 compromised gain, it also compromised Q and impedance variations

vs. f rcquency (or wavelength) changes.

"' Jr , 3KA1 - IN :ans;wer a qutest ion that ha!; been asked many times.

1, cn,; ivit% ol :;cil in, to chan.,ges in I./D is a direct function of

_.. I i,t; e,, btlwvl th, element length ,nd 0.5 (0.4975 for KM and

I t. ',' hi r NEC) wavtIl ngt h. This is ret lected by change in lines

'I- ,, oi these f igires . The, v lines also show tl.e nonsymmetrical

r,.I ;t iolsh ip b1itween 1 englgh changes when the length is less than 0.5

4Y.t -

*,-,'Tt-: . .I! " " :"... .. ... ..
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wavelength and length changes when the length is greater than 0.5

wavelength.

'lI h seal ig examples presented in Section VI assume no frequency

thia,,g,. When the d imens ion:; are converted to normalized wavelength

I,,- :;. in ii,,ur:; Kl - I.N, the lengths and diameters apply to any

I t- rqut'cy . For t>iI1Jple, it.;t' Figures 3KM - 12N to scale from, say,

50 MHz to 2 MHz. The procedure is to calculate L and D in wave-
0 0

length at 50 MHz, determine the horizontal X r/Rr scaling line on

the appropriate figures, calculate a practical diameter in wavelength

at 2 MHz, move along the constant X r/Rr horizontal scaling line on the

I !urte to the * M1z diameter in wavelength, determine the new length

in wavelength, and finally convert the new length to one of the basic

units of meaaSurement.

This analysis does not consider mutual coupling impedance between

clements, or between a single element and another object such as

g.round. When the distance, S, between elements is equal to or greater

than 3.0 wavelengths, mutual coupling impedance can generally be omitted

when 0.40 _ 1, " 0.55 wavelength. 12,1 . The same applies when the element

height, H, over earth is greater than 1.5 wavelengths.14 When the dis-

tan , between elements is held constant in wavelengths, L/D changes4.

wil tl tavt. lttte effect+ tipo existing mutual coupling impedance when

S'I ). [he same .ippl ic:; lor an element over earth when It > IOD.

In .almost ll parallel or horizontal element examples, this condition

I:; met, and mutual coupling impedance t. ' ations seldom include element

diameter, 1).

47.1
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WI eti.J hi hv conduct ivi, VmeLi 11 ic elements are in proximity with each

ot i r, Imti IIII coup in p impelance solution; for I. = 0.5 wavelength can

he obtained from enlnt lon- to Carter's cloned-torm exponential integ-

-. I These integr;ls as;ume a sinusoidal current distribution on

(infinitely thin) elements, but they are reasonable approximations,

and solutions are available in graphs and tables.' ,12,13,16 For greater

accuracy, one is faced with solutions to integral representations of

the Sommerfeld formulation.

Wiin ,iI .i11n.e1:1 element i:; within 1.5 wavwleniths of an imperfect

earth, one is ficed with !;olutions to the recalcitrant Sonmnerfeld

lirmulation if realistic mutual coupling impedance values are to be

ohtained. Our AMP uses the Presnel RCM (reflection-coefficient

method) to determine mutual impedance, where the RCM is the leading

term of a steepest descent method solution to infinite integrals. It

has been pointed out that the RCM is valid (E< 10%) only when all

parts of the antenna element meet the following condition. 7

I meters I

Where II ii the element heghtt over the earth, A is the free-space

wavelength and e is the earth's complex relative permittivity.

Itt) two horizontal coplana r ci ements are near earth, it has been

found that tie RCM (an be used to determine their mutual impedance

when 
I

II 5 meters ,9

4':
ACU 
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0. 25 -30 WavelIengthis 2 0

In t h i report, 0.40A 1,C 0.55 \ is the valid region for equations
0 0i

1) - 10. l(Itiat ion 19 is a maithemat ical pole (K90 degrees) restrict ion

wi ic h woulId he 0. 1 0 in this report . Over t he hIF rvefon,

4.0 _e < 4 .5 x 1()4 for mo.;t of the ear t's encountered * and equation

19 W ith1 H > (). Ifl Will be the( RCM limitinlg height here.

Over the years, (.(U(-MEO-PEA) personnel have used the AMP at heights

which violated equations 18 - 20. Trhe results were known to be in-

correct, and a comparative report is available. 19A reference 17 pro-

gram error was ditocovered in this report, and it has since been corrected

by- AFCRI.. 20 Ne-ver tlihess , enough i nformat ion is available in that report

to cout irin equation 18, and ver ify field measurements. 21

When the antenna height Is helow the equation 18 limit, one can use a

Men nt ite integral represe;ntation of the Sommerfeld formulation,

ii:;(- the Gauss ian interpolatory quadrature formula for obtaining solutions

liot e f irs t i ntegral I and use the Gauss ian Laguer re interpolatory quad-

ramt tre formutla for ohta in ing sol ut ions to the second integral. The for-

mu lat iont; and just i f icat ions are lengthy, and are good approximations to

liej Jt 11I, 1!; low ais O.WiA where, solutions become oscillatory. 2

'Ii, work ui tel in iet erence I/ iV similar to work done by Dr. E.. Miller

,ihhi,; ;taft it titt Lawr-m , Livermore Labhoratory as a background in

ho pre-pir-i Iou at ( t lit- oSmir f et( stmbrot jut' of our new NEC program.

ZS _A.. I.-
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A rev I w Ot new NEC data may show s imp 1 if icat ions in tie cal cu at ion

ol antenna-ground mutual coupling impedance.

I am indebted to Mr. W. Alvarez, Mr. D. Pink, and Mr. G. Lane of

C(CC- EMEo-1PED for prodram data which made these observations possible.

While the data is not precise, it is the best we have at this time.

ii
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